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ABSTRACT 


This paper gives a observe evaluation of a whole wind energy conversion 
device, the gadget primarily based on a DFIG; to govern independently the 
active and reactive powers a vector manage with stator flux orientation of the 
DFIG is used. A comparative have a look at were achieved among the 
traditional PI controller and fuzzy logic manage to investigate its dynamic 
and static performances. This research paintings includes the examination of 
a section earlier, to offer effective assistance, to all those who have to make 
selections regarding the planning and implementation of wind electricity 
projects. The primary goal is to model the wind chain and the usage of styles 
of techniques for the manipulate of this generator to make certain an 
awesome law we began with the modeling of the wind chain then the 
modeling of the DFIG and then the usage of the two strategies for the 
regulation of the latter the complete device is modeled and simulated inside 
the Matlab/ Simulink. The overall performance and robustness are analyzed 


Wind power and compared by using Matlab/Simulink. The results acquired show the great 
performances of the fuzzy logic to prove the pleasant of the strength and the 
stability of wind strength. 
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1. INTRODUCTION 

Wind turbine generator is understood and exploited for a long time, it turned into one of the first 
assets exploited by way of the man after the strength of wood, and it turned into used for the propulsions of 
the ships and the corn turbines inter alia. It was but neglected at some point of the century with the income of 
fossil energies besides the hydroelectricity. Inside the Seventies after the oil crisis and the first alarms 
because of the warming of planet, a new interest is carried to wind power, due to the various technical 
blessings of wind strength technology era (stepped forward var electricity, decreased power fluctuations and 
better power performance), variable velocity operation that is carried out by using a conversion system is 
continually utilized by contemporary MW wind turbines [1].Additionally the development of recent 
technology returns the conversion of this increasingly worthwhile electricity and economically aggressive, in 
the worldwide scales, wind power maintains a growth of 30% in keeping with annum for the remaining 
decade. Because of the unique blessings of the DFIG, it is turning into the main configuration of wind power 
technology. The vector control approach is used to study the generator, and the DFIG rotor is connected to an 
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alternating excitation whose frequency, section and importance can be tailored [2]. With the DFIG, 
generation can be accomplished in variable velocity starting from sub-synchronous pace to superb 
synchronous pace ((+30%) around the synchronous pace) [2, 3]. A manage strategy must be advanced to take 
advantage of these benefits within the field of wind strength technology thinking of the complexity of the 
structure of the DFIG and the first-class of the electricity to be generated, due to the shortage or scarcity of 
control of the asset produced. Regarding the reactive powers whilst the generator is connected to the 
community, many difficulties get up, which include the low power component and the harmonic pollution. 
Using an inner functional mode controller predictive of the specific creation and association had been 
studied, in which a suitable energy reaction is acquired by means of assessment with those of the traditional 
procedure strength reaction when the traditional PI controller is used. However, it is hard to use one due to 
the complexity in their structures [4]. On this paper, an alternative method has been proposed the use of a 
fuzzy common sense controller optimized to check the active and reactive powers across the rotor circuit. 
Therefore, we favored to use this type of controller (fuzzy) underneath many advantages that it has, like [5]: 

Fuzzy controllers can cover a far wider variety of operating conditions and might operate with 
unique varieties of noise and disturbance, which is why they are extra strong than PI controllers. Developing 
a fuzzy controller is less highly priced than growing a controller based on a model or other controller. Fuzzy 
controllers are customizable because it is less complicated to recognize and trade their policies. That no 
longer handiest use the approach of the human operator, but are also expressed in natural linguistic terms. It 
is smooth to learn how fuzzy controllers paintings and the way to create them and observe them to a concrete 
software. 

The work presented in this paper is used in exploitation of the fuzzy logic theory while an optimized 
fuzzy logic controller is designed so one can adjust the stator active and reactive powers float of a DFIG 
connected to an effective grid [6]. 


2. MODELING OF THE WIND TURBINE 

Windmills produce electrical power the use of wind strength to run an electric generator. An air 
motion passes over the propellers, generating lift and exerting a rotational force. The rotating blades rotate a 
sluggish shaft of the nacelle, which enters a gearbox. The multiplier increases the rate of rotation and 
transmits it to the generator, which makes use of magnetic fields to transform the rotational electricity into 
electrical energy [7]. Precept of power transformation of a wind turbine, as proven in Figure 1. 





Mechanical Electric 
linetic- comverspon mechanical -comversion 


Figure 1. Principle of the energy transformation of a wind turbine. 


We can determine the power available (theoretical power), due to the wind through applying the 
theory of the momentum and the theorem of Bernoulli: 


Paisp = 1/,.p.8.0° (1) 


S : surface swept by the blades [m°] ; 

p : density of the air p = 1.225 kg/m? ; 

ar : pace of the wind [m /s] ; 

the mechanical electricity of the wind turbine is then: 
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A N 2) 


2 
the maximum quantity of kinetic energy is defined by the limit of Betz: 


16 
Peur = Fmax; ‘ Paisp—0.59 .Paisp (3) 
the power coefficient is defined by: 


C = Ptur (4) 


po P disp 
The evolution of the Cp depends at the perspective of orientation of the blades B and specific speed à: 


L= (5) 


Vv 


À : expresses the connection between velocity at the stop of the blades and the speed of the wind; 
N, : Number of revolutions before the multiplier; 

R: ray of the blades of the aero generator; 

Cp (À, B) is called the coefficient reactivity power. 


max _16 
Cp (A,B)= = 0.593 (6) 
We can expressed the power coefficient Cp by [8, 9]: 


Cy X (Cy x È= C3 X B = Cy) X exp(—Cs xX È) + C6 XA (7) 





1 4 0.035 (8) 
A; A+0.08B B34+1 


The strength coefficient and therefore the torque decrease by way of greater than à by way of 
growing the pitch attitude [10]. 
Where: 


P dis 1 1 
Caer: a PS OA Bw = (9) 





Caer: Couples on the slow axis (side harnesses); 
The role of the multiplier is to transmit the speed of the blades to the generator Figure 2. 





Multiplier DFIG 


—~<=—__ P 
Wind turbine 


Figure 2. Structure of the wind system. 


therefore, we can model the multiplier by the following equations: 


Caer 
=s (10) 
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Nmer 
Qiurbine= GC! (11) 


with: G: The report/ratio of the speed-increasing gear. 
J= [turbine] (12) 
G2 a 


to determine the evolution of the mechanical pace with part of the full torque ( Cmec) implemented to the 
rotor, we use the essential equation of the dynamics: 


dQmec 
dt 


J x = Crise (13) 
the coefficient of the multiplier links the mechanical velocity to the wide variety of revolutions of the turbine 
and connects the torque on the slow axis to the torque on the quick axis. 

In which: J is the whole inertia, which seems on the rotor of the generator. This torque takes under 
consideration, the electromagnetic couple (Cem) produced through the generator, the couple of viscous 
frictions (Cvis) and couples it (Cr). 

Cmec = Cr — Com — Cris (14) 


The coefficient of viscous frictions F model the resistive torque due to frictions as: 


Cyis = f x niet (15) 


One can model the tree like following: 


Cet — Com = (70 + Jg) 2+ (E+ fy)Qq (16) 
Caer and Cem : The wind couple and the electromagnetic couple. 

JgandJturpine : The inertia of the generator and that of the turbine. 

fr and f, : The coefficient of viscous frictions of the turbine and that of the generator. 

Qg: Number of revolutions of the generator (fast axis). 

We put: 


Tt +Jg=J (17) 
thy =f (18) 


From where, the mechanical equation becomes: 
Caer = Dìg 19 
CGT ar arg (19) 


3. TURBINE SIMULATION RESULTS 

Figure 3 shows the profile of the wind that will be applied for the wind turbine its low value is 
around (8m/s). The simulation results shows the influence of the variation of the mechanical velocity as a 
characteristic of the wind pace on the electrical strength produced in Figure 4. 

Through the evolution of the power coefficient Figures 5, we are able to note that this one is 
approximately its theoretical maximum value. This coefficient is obtained for a fixed angle B (B = 20) that 
gives us an optimal à. It is noted that it reaches a maximum value of 0.5. This simulation effects show the 
reliability of the manipulation without servo controlling of the wind pace. 
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Figure 3. Wind profile implemented to the turbine. 
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Figure 4. The mechanical speed and the power produced. 
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Figure 5. The power coefficient and the specific speed. 


4. MODELING OF THE DFIG 
It is essential to apply a particular and simple model for a higher illustration of the behavior of a 


dual-feed induction generator. The two-section models (d, q) given by way of the park transformation are 
used [11]. 


4.1. Model of DFIG in the referential (d, q) 

The DFIG is used as the generator selected for the wind system in addition, the DFIG controlled by 
inverters through its rotor operates over a number +30% variation across the synchronous pace. This desire 
permits the converters dimensioned to transit 30% of nominal energy. Consequently, it is going to be 
financial [12]. The model of the DFIG is expressed in the (dq) reference frame via the following equations 
[13-15]. 

We have: 0,=0,+0—>=0=6, —-0, 
dð _ dðs dOr 
So: == 
dt dt at 
=> (69) = Ws -Or 
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4.2. Electric equations 


as asa 
Vsa T RsIsa + dt — Ws Psq 


dps; 
Veq = Rslsq T = + WsPsq 





(20) 


dp, 
Vra = Rrlra + TE — (ws — W)Prq 





dp, 
Veg = Ry lrg + e + (ws — w)Pra 





With respectively: 


Vsa „Vsq:Vra and V,q are the direct and quadrature stator and rotor voltages of the two-phase system. 


w, and w, are the pulsations of the stator and rotor electrical magnitudes. 


4.3. Magnetic equations 


Psa = Lslsa + MI ya 
Psq = Lelsq + Mlrq (21) 
Pra = Ly lea + Misa 
Psa = Lrlrq + M154 


With: 


Psq Psa-Prq and Prq : Are stator and rotor flow direct and in squaring of the diphasic system; 
L; = l — M,: The stator cyclic inductance; 
L, = 1, — M: The rotor cyclic inductance; 


3 l ) 
M = Mr: Cyclic mutual inductance between stator and rotor. 


4.4. Mechanical equation 
dQ 
Com = C, + f+) (22) 


With respectively: 
Cem : The electromagnetic couple; 


C, : The resistive torque; 
f : The coefficient of viscous friction of the DFIG; 


j : The inertia of the revolving parts; 
Q : Number of revolutions of the axis of the DFIG. 
The expression of the electromagnetic couple is given through: 
Com = —PUsqPsa = sdPsq) 
M 
Cem = —P is UsqPra = lsaPrq) (23) 
Cem 


M 
=p > U-gPsa E l-aPsq) 


4.5. Active and reactive powers 


F = Vsalsa — Vsgl sq (24) 
Qs ai Veqlsa + Vsalsq 

A a Vralra + Vralra (25) 
Q; = Veglra = Vralrq 


5. VECTOR CONTROL OF THE ACTIVE AND REACTIVE POWERS OF THE DFIG 
The arrangement of the (20) and (21) offers the expression of the rotor voltages in line with the rotor 
currents via: 
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M?2\ dira 


Vra = Rylra + (i = £) dt — gw; (L, m Lrq 








(26) 
M2\ dl, M? MV; 
Vig = Ry lrg T (L, oe C) — GWs (L, =) La tg ie 
we can present the equation of torque is as follows: 
M 
Cem = P F (Irq Psa — lraPsq) (27) 
we can described the furnished active and reactive energy as follows: 
A i Vsalsa + Vsqalsq (28) 
Qs; == Viglsa =: Vsalsq 


adopting the belief of a negligible stator resistance Rs and the stator flux is constant and orientated along the 
axis, we deduce: 


Psa = Ps And Psq = 0 








dos 
Vea = = 0 
sd dt (29) 
Vsq = VWs Ps 
the stator active and reactive energy may be expressed as follows: 
M 
F = —V, z tra (3 0) 
Ve" M 
Qs = Lede — Vs 7 tra 


The closing equations display that the active and reactive powers can be controlled via rotor currents. 
Thus, the rotor voltages inside the d-q axis may be written as follows: 





RrLstoLsLsS V5" 
ois 31 
rd MV, Qs sks rur~-tra ( ) 
RrLstoLsLrs MV; 
WsLs 


Veg = (ee) P, + @,L,Olyg + Wr 





o : the leakage coefficient, it is given by: 


M2 
LsLy 


o-1—- 





5.1. PI control of the DFIG 

We will establish a manage loop on every power with an impartial regulator (PI) even as 
compensating for the disturbance terms due to the fact currents and voltages are linked by way of a switch 
function of first order. Because the slip cost is low. 

The proportional Integral controller (PI) is still the maximum generally used for controlling the 
DFIG [16], as well as in lots of business manage structures. It is simple and quick to put into effect even as 
providing ideal performance [17]. Regulators every axis position is to get rid of the gap among the active and 
reactive strength references and the measured active and reactive strength. The synthesis of PI controllers is 
offered in [18]. 


5.2. Direct control of active and reactive powers 

This approach uses two PI controllers to control the system; we can configure a manipulate loop of 
every energy (Ps and Qs) with an independent controller at the same time as compensating for the 
perturbation phrases. Because of the low slip price, we neglect the terms coupling among the two manipulate 
axes. We acquire a vector control with an unmarried controller in line with axis, shown in Figure 6, [19, 20]. 
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Ps re 
P, Ps 
I 
Q — g G Q: 





in S 


Figure 6. Block diagram of the direct control 


5.3. Indirect control of active and reactive power 
5.3.1. Indirect control loops without the power 

It is necessary that the rotor currents irq and ird, respectively the pix of the active and reactive 
powers of the stator, Ps and Qs, maintain their contemporary references, [19]. 


amv, 
L, 
Fref oraret 
Z S 
<> : 
la i | 
= 
aL 
| | Vea rer 
TEHET LL 


Figure 7. Representation of a block diagram of indirect control in open loop 





5.3.2. Indirect control loops with the powers 
We are able to comprise an extra manipulate loop to the powers in order to dispose of the static error 
whilst maintaining the dynamics of the machine, to enhance the preceding control Figure 8 [20]. 








Figure 8. Representation of a block diagram of indirect control in closed loop 
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5.4. Simulation results 

The distinct curves received with the aid of controlling the active and reactive power generated in 
the stator of the DFIG are supplied in Figure 9 and 10. We are able to see the good response of the energy 
manipulate of the DFIG. 


Active Power Reactive Power 








Ps [watt] 











0 5 10 15 20 25 0 5 10 15 20 


Time [s] Time[s] 


Figure 9. Active power Ps [ Watt] Figure 10. Reactive power Qs [VAR] 


6. FUZZY CONTROL OF THE DFIG 
Fuzzy logic succeeds in supplying exceptional performance without resorting to the mathematical 
model of the system, truly with the aid of incorporating the information of the professionals. Therefore, fuzzy 
manage procedures to a positive volume the ability of human reasoning [21]. 
As proven in Figure 11, the fuzzy manipulate is based at the Mamdani model. This mechanism is 
subdivided into several levels: 
a. Initialization is the definition of linguistic variables and phrases; build the membership features and 
the rule base. 
. Fuzzification is the conversion of unique input facts into fuzzy values membership functions. 
c. The inference is evaluation of policies of the rule of thumb base and combine the consequences of 
each rule. 
d. Defuzzification is convert the output information to non-fuzzy values. 








Defuzzification 





inferences 
Rules : 


| Fuzzification 


—, 


inputs 








IF..... THEN 





Figure 11. Block diagram of fuzzy control 


A block diagram wherein fuzzy controllers are included into the DFIG vector manage block is 
shown in figure 12. Each fuzzy controller gives unbiased control of the active and reactive powers. Figure 13 
illustrates the layout of the fuzzy controller. The profits GeGAe and Gy,,are scale factors (normalization). To 
attain appropriate control we vary these elements. Indeed, they will determine the performance of the control. 

Usually, we pick a few parameters which includes linguistic variables, membership functions, and 
inference technique and defuzzification strategy that allows you to layout a fuzzy controller for the 
manipulation of electrical drives [22]. We take as inputs the error and its spinoff, at the same time as the 
output is the command itself. The triangular and trapezoidal membership features are used in a normalized 
speech universe inside the interval [-1; 1] for every variable, as proven in Figures 14 and 15, respectively for 
inputs (mistakes, errors variant) and output (input procedure). 
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Figure 12. Fuzzy control of DFIG. Figure 13. Design of a fuzzy controller. 
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Figure 14. Membership functions of error and Figure 15. Membership functions of output 


change of error 


The subsets fuzzy membership was noted as follows: 
BN: Big-Negative; 
SN: Small-Negative; 
AZ: About-Zero; 
SP: Small-Positive; 
BP: Big- Positive. 
The fuzzy regulations, for figuring out output variable of the controller as a characteristic of enter 
variables are grouped within Table 1. 


Table 1. Inference matrix 
e 

BN SN AZ SP BP 
BN BN BN SN SN AZ 
SN BN SN SN AZ SP 
Aè AZ BN SN AZ SP BP 
SP BN AZ SP SP BP 
BP AZ SP SP BP BP 


Au 


7. SIMULATION RESULTS 


Figures 16, 17, 18 show that the performance of fuzzy logic is quite good in comparison with PI 
controller. 
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Figure 17. Active and reactive power stator. 
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Figure 18. Three-phase rotor currents and electromagnetic torque. 


7. CONCLUSION 

This article presents the control with fuzzy logic of the active and reactive powers of a DFIG 
dedicated to a wind device. First, the thought of a version of the turbine and the generator. Then, presentation 
of a manage strategy based on fuzzy control and PI controllers permitting independent manipulate of the 
power. By comparing the performance of the PI and fuzzy controllers, it is far clear, that the fuzzy 
manipulate is strong against the parametric variations of the machine and gives a fast convergence, 
unaffected by using the noise and the spurious indicators calculator. In addition, the fuzzy control of the 
DFIG has exquisite overall performance and improves the energy high quality and stability of the wind 
turbine compared to the PI controller. 
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